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A composition for use in the treatment of lesions of the human or animal body comprises xanthine oxidoreductase and a 
pharmaceutically acceptable electron donor system. The composition can accelerate wound healing, especially in a hypoxic environment. 
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Improvements in or relating to the treatment of lesions 

The invention relates to methods for the treatment, 
alleviation or prevention of lesions, especially ulcers, and in 
5 particular to means for use in any said method. 

The term "lesion" is used herein to mean any interruption 
in the surface of the skin or in the surface of a membrane 
lining any cavity within the body, whether resulting from 
injury or disease. The term "ulcer" is used herein to refer to 

10 any breach on the surface of the skin or on the surface of a 

membrane lining any cavity within the body, which does not tend 
to heal quickly. 

Human skin is a complex integration of different types of 
cells and tissues which form an organ. Skin is also the 

15 primary seat of the sense of touch and creates a covering for 
the protection of the deeper tissues. The skin also plays an 
important role in the regulation of body temperature and is 
also an excretory and absorbing organ. Skin consists primarily 
of a layer of vascular tissue and an external covering of 

20 epithelium known as the epidermis. Near the surface are the 
sensitive papillae, and alongside or imbedded beneath it are 
certain specialised organs, specifically the sweat glands, hair 
follicles, and sebaceous glands. 

In order to protect the tissues below from trauma, the 

25 skin must be tough, flexible, and highly elastic. In the 
context of this function, injuries to the skin can occur. 
Wounds, which are caused by physical means, result in a 
disruption of the normal continuity of the structures of the 
skin. Examples of wounds include cuts, punctures, lacerations, 

30 etc. There are two types of healing processes: 

(1) primary union or first intention healing and 

(2) secondary union or second intention healing. 
Primary union occurs when a clean wound with a minimal 
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loss of tissue heals together cleanly. The process involves 
clotting and formation of a crust or scab to seal the wound; an 
acute inflammatory reaction, reepithelializat ion of the surface 
and fibrous bridging due to fibrin followed by complete sealing 
5 of the wound by an epithelial covering. Thereafter, hair 

follicles, sebaceous glands and sweat glands may subsequently 
regenerate. The process of second intention healing requires 
the removal of necrotic debris. The gap in the wound then 
fills in with fibrous materials. Second intention healing can 

10 be impaired by infection and by a restriction, for whatever 

reason, of the blood supply and therefore oxygenation status of 
the wound to give rise to ulcers. This invention is concerned, 
inter alia, with the treatment of those ulcers, which are 
exemplified by decubitus ulcers, described below. 

15 In nursing homes, hospitals or in private homes where 

invalid patients with certain diseases and afflictions are 
bedridden, a problem arises from bed sores which these patients 
develop. These bed sores, which have a tendency to ulcerate 
and may also be known as decubitus ulcers, usually result from 

20 a loss of blood circulation caused by pressure on the skin, 

particularly pressure over a bony protuberance. Decubitus means 
ischaemic necrosis of the skin or subcutaneous tissue caused at 
a projected bone area due to continuous pressure. It is 
commonly developed in aged patients as a result of such 

25 patients being confined to their beds over long periods of 

time, and may also be developed on compression in plaster upon 
fracture . 

Decubitus ulcers are defined by reference to four "Stages" 
according to severity: Stage I - Skin pink-mottled, the 
30 epidermis is damaged; Stage II - Skin is cracked, blistered and 
broken, the epidermis is destroyed; Stage III -Skin is broken 
with some tissue involvement, the sub- cutaneous skin is 
destroyed and there are decaying cells; Stage IV - Extensive 
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penetration to muscle and bone, presence of necrotic tissue, 
and profuse drainage, structures are decayed. By stage IIl' or 
IV, debridement is usually necessary. 

The pressure on areas of support may exceed the mean 
5 capillary blood pressure, with the result that those areas are 
vulnerable to the formation of decubitus ulcers. other factors 
which can contribute to formation of decubitus ulcers are lack 
of proper ventilation, moisture and diet. Additionally, the 
problem of bed wetting and the accumulation of urine in the bed 
10 contribute to the formation of bed sores since the moisture 

remains in the area of the patient "s body. Attempts have been 
made to remedy these conditions and thereby prevent the 
decubitus ulcers. Some have involved merely the passing of 
air through the bed mattress which air is then allowed to pass 
15 upwardly around the patient's body. other devices have had 

pulsatingly inflatable air mattresses which again merely allow 
the axr to be circulated upwardly around the body of the 
patient. Those attempts have been relatively unsuccessful in 
practice . 

20 some supportive measures used for the prevention or 

alleviation of decubitus are: occupational therapy, physical 
therapy, and nutritional therapy. For example, it is the 
practice to change the position of a patient or to release one 
or more pressed areas of the patient from pressure so that his 
skin is protected from continuous compression. Typically, that 
involves a repositioning schedule every two hours, checking 
bony prominences for breakdown daily, keeping skin dry and 
clean, ambulating the patient as much as possible, forcing 
fluids, and using cornstarch to prevent friction. other known 
practices are use of a special bed having a hygroscopic 
cushioning material and effecting rigorous skin cleaning and 
wiping, with the object of keeping the skin dry and thereby 
preventing secondary infection. Where the condition of 



25 
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decubitus is extremely serious, surgery is effected to resect 
the decubital part and then to restore the resulting lost part 
by sutured minif ication, adjacent flap, distant flap or the 
like . 

5 There are many different products available for the care 

of decubitus ulcers, including solutions having antibacterial 
or antacid activity, water-repellent ointments, and dressings. 
For example, Betadine solution rinses are used for their 
antibacterial properties, but some allergic reactions can occur 

10 to the iodine, enhancing the skin problem. Uniwash and Uniderm 
treatments have to be done every eight hours or more 
frequently. Dressings are necessary and beneficial but 
sometimes tear the skin further. Medicated dressings such as 
Silvadene have to be changed also every eight hours. Domeboros 

15 Solution is used every four hours during the day. Antacids may 
be beneficial for superficial ulcers, but can hold in purlent 
matter and debris in the deep ulcer. 

Patients particularly prone to formation of decubitis 
ulcers are cachetic patients (those in negative nitrogen 

20 balance) , patients with congenital or acquired boney 

deformities, stroke patients who are immobile, paraplegics with 
uncontrollable muscle spasms, any spinal cord injury patient, 
incontinent patients, arthritic patients, those who are 
confused or comatose, nutritionally deficient patients, those 

25 with oedema or poor capillary refill, anyone who is on 

medications such as steroids, tranquilizers and analgesics, any 
geriatric patient, and anyone with pre-existing diseases. 
Decubiti in such patients may also result from or be 
exacerbated by friction, shearing force and pressure, which all 

30 hospital patients are exposed to while in bed. Usually, a 

combination of two of those forces will cause a pressure sore, 
which may appear within twelve hours. Friction can be from 
moving in bed, shearing can be from a position in bed, and 
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pressure can be from gravity alone. A pressure of greater than 
25 mm Hg . will occlude flow of blood to capillaries in soft 
tissues causing hypoxia and, if unrelieved, eventual necrosis 
which is manifested in decubitis ulcer formation. 

Decubitus remains a skin disease which is difficult to 
prevent in patients who are immobile for a substantial length 
of time, even with intensive nursing attendance. Whilst the 
causes, observable symptoms and modes of treatment of ulcers in 
other membranes may differ substantially from those of 
decubitis, a common factor is the tendency of ulcers not to 
heal, or to heal only very slowly. Moreover, once ulceration 
has occurred, it remains difficult to cure, and can result in 
long and severe pain to patients. There remains a need for 
improved means of treating, alleviating and preventing the 
formation of ulcers, especially decubitis ulcers, as well as 
other types of lesion, for example, neoplastically transformed 
lesaons, other lesions that may be virally infected, and warts. 

The invention provides a composition for use in the 
treatment of lesions of the human or animal body, the 
composition comprising XOR and a pharmaceut ically acceptable 
electron donor system. Xanthine oxidoreductase exists in two 
inter-convertible forms, xanthine dehydrogenase (XDH , 
EC 1.1.1.204) and xanthine oxidase (XO, EC 1.1.3.22) XDH 
which is believed to predominate in vivo, preferentially 
reduces NAD* , whereas XO does not reduce NAD', preferring 
molecular oxygen. Where reference is made herein to -X0R- 
that term includes xanthine oxidoreductase, which is to be' 
understood as referring to both xanthine dehydrogenase (XDH) 
and xanthine oxidase (XO) , where appropriate. It will be 
appreciated that references to XOR further include references 
to analogs of xanthine oxidoreductase that have xanthine 
oxidoreductase activity. Such analogs may include but are not 
limited to, for example, xanthine oxidoreductase which has been 
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modified chemically or otherwise, analogs having fragments of 
xanthine oxidoreductase derived from naturally-occurring 
enzyme, and analogs having polypeptides obtained by replication 
of the enzyme or a portion thereof using any suitable 
5 biotechnological method, provided in each case that the 

catalytic activity of the endogenous xanthine oxidoreductase is 
retained at least to an appreciable extent. 

References herein to xanthine oxidoreductase are 
furthermore to be understood as embracing material of any 

10 biological origin, for example, of mammalian or other animal 
origin, or originating from a suitable micoorganism, for 
example, aspergillus sp. Xanthine oxidoreductase of ruminant 
origin offers the advantage of ready availability. 

The inventors have found that, unexpectedly, compositions 

15 according to the invention containing XOR and a 

pharmaceutical^ acceptable electron donor system have 
antiseptic properties and recuperative activity which will 
render them suitable agents for use in the treatment of 
lesions, including ulcers, for example, decubitus ulcers, 

20 ischaemic leg ulcers, diabetic foot ulcers, geni to-urinary 

ulcers, ulcerative keratitis and ulcers of mucosal surfaces of 
the mouth and the like, neoplastically transformed lesions, 
virally infected lesions, warts, and lesions of the mucous 
membrane. Whilst the mode of action of the compositions is not 

25 known with certainty, it is believed that they may assist in 
the formation of granulation tissue in such conditions. 
Moreover, at least in the case of patients affected with 
decubitus ulcers, ischaemic leg ulcers, diabetic foot ulcers, 
genito-urinary ulcers and ulcerative keratitis and the like, it 

30 is believed that the compositions assist in increasing the 
local perfusion. 

The enzyme xanthine oxidoreductase is a complex 
molybdof lavoprotein, the action of which has been studied for 
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many years. It is a major protein component of the membrane 
surrounding fat droplets in whole milk. Consequently, cows' 
milk is a rich and convenient source of the enzyme. Xanthine 
oxidoreductase has also been characterised from rat, chicken 
5 and turkey livers. Human milk has also been found to contain 
xanthine oxidoreductase . 

In the treatment of ulcerative lesions, especially 
decubitus, it may be preferred for the composition to be used 
in combination with means for enclosing in airtight manner the 

10 lesion with the applied composition. 

The composition of the invention may comprise one or more 
pharmaceutically acceptable excipients or carriers. The 
composition of the invention may be suitable for topical 
administration. Advantageously, the composition is suitable 

15 for topical application to the skin. The composition may 
advantageously be suitable for topical application to the 
cornea . 

The composition may be used in a prophylactic method for 
the prevention of ulcers, or in a method of treatment of 

20 ulcers, especially decubitis ulcers. As already mentioned, the 
compositions of the invention may be used in the treatment of 
ulcerative keratitis. It has been found that small amounts of 
xanthine oxidoreductase may naturally be present on the cornea, 
the enzyme apparently being secreted from the lachrymal glands. 

25 The amount of enzyme secreted in a diseased eye is reduced, but 
may in accordance with the invention be augmented by 
application of a composition comprising XOR and an electron 
donor system. 

The inventors have also found that small amounts of 
3 0 xanthine oxidoreductase are produced in the salivary glands and 
secreted in the mouth, and it is thought that the enzyme may 
play a part in defending the mucosal surfaces of the mouth from 
infection. The composition of the invention may be effective 
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in the treatment of ulcers of the mucosal surfaces of the 
mouth. 

The. composition may be used in the treatment of 
neoplastically transformed lesions. The composition may be 
5 used in a prophylactic method for the prevention of, or in a 
method of treatment of, cervical cancer. As is well-known, 
cervical cancer is generally preceded by the occurrence of 
neoplastically transformed lesions which, if left untreated, in 
a large proportion of cases lead to development of cervical 

10 cancer. The inventors have found that xanthine oxidoreductase 
is naturally present in the healthy cervix. It is thought that 
the enzyme, generation of which varies with polymorphisms in 
the gene, may play a role in the prevention of infection in the 
cervix. The generation of the enzyme may be inhibited where a 

15 viral infection does occur. The diminished production of 

enzyme in situ may thus, in accordance with the invention, be 
augmented by application of a composition comprising XOR. 

The invention further provides a dressing for application 
to a part of a human or animal body, comprising a substrate and 

20 a pharmaceutical composition retained on a surface of or within 
the substrate, the pharmaceutical composition comprising XOR 
and an electron donor system. Advantageously, the dressing 
comprises a layer of material which is impermeable to air, that 
is, which, when in use the dressing is applied to the part of 

25 the human or animal body, substantially prevents the passage of 
ambient air through the dressing to the said part. 

There have been suggestions that xanthine oxidoreductase 
has a role in the production of bactericidal agents. In the 
presence of oxygen, xanthine oxidoreductase can catalyse the 

3 0 production of superoxide and hydrogen peroxide, which are known 
bactericidal agents . Bactericidal levels of superoxide or 
hydrogen peroxide are, however, unlikely to be attained at low 
oxygen concentrations . 
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It has been reported, Millar, T . M . et al, FEBS Letters 427 
(1998) 225-228, that, under hypoxic conditions and in the 
presence, of NADH, XOR is capable of catalysing the reduction of 
glyceryl trinitrate (GTN) , as well as inorganic nitrate and 
nitrite, to nitric oxide (NO) . 

Nitric oxide (NO) is widely recognised as mediating the 
relaxation of smooth muscle in vasodilation and as initiating 
many other important biological functions, including inhibition 
of platelet aggregation and adhesion. its generally accepted 
physiological source is NO synthase, a complex enzyme which is 
totally dependent on oxygen as one of its substrates for its 
activity and consequently ineffective in a hypoxic environment, 
where the vasodilatory properties of NO might be seen to be 
advantageous . 

15 Hypoxic conditions may be present in some types of 

lesions, in particular, where the supply of oxygenated blood 
may be disrupted or prevented and/or where the lesions are 
enclosed in airtight manner, for example, using a dressing that 
is impermeable to air. In neoplastically transformed lesions 
of the cervix the conditions may also be hypoxic, the cervix 
having an intrinsically relatively low oxygen concentration. 

We have found that the optimum pH for the production of NO 
from XOR under hypoxic conditions is about pH 5.5. Thus, we 
have found that lesions, especially ulcers, present an 
environment in which the production of NO in the presence of 
XOR would be at or near a peak. 

At pH levels above about 4 pathogenic bacteria are more 
active than at lower pH values. It is postulated that, under 
conditions prevailing in lesions, especially ulcers, XOR can 
30 catalyse the production not only of superoxide, but of NO. 

Superoxide and NO rapidly interact to generate peroxyni trite , a 
much more potent bactericidal species than superoxide, NO or 
hydrogen peroxide. While superoxide has some bactericidal 



20 
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properties and in some situations NO has also been found to 
kill or damage bacteria, it is the interaction of superoxide 
and NO to form peroxynitrite and other products which is 
believed to give superior bactericidal action. Peroxynitrite 
5 (and, it is thought, other products of the interaction of 
superoxide and NO) are particularly potent bactericidal 
species . 

The concentration of nitrite present in lesions is 
normally low, and it might therefore be thought that the 

10 potential for XOR-catalysed generation of NO would be limited. 
It is believed however that, the known affinity of XOR for 
acidic polysaccharides such as those occurring in bacterial 
capsules causes XOR to become more concentrated in the 
immediate vicinity of bacteria. In anaerobic environments, 

15 bacteria commonly are found to excrete nitrite and thus the 

association of XOR with the bacteria may have the result that 
the XOR will be located in a localised region of elevated 
nitrite concentration . 

Whilst it is thought that it is the peroxynitrite 

20 formation that gives rise to the desirable bactericidal action 
of XOR in hypoxic conditions, it may in certain applications, 
for example, ulcerative keratitis be superoxide that is the 
predominant bactericidal species. In some circumstances, it 
will be desirable to maintain or promote a hypoxic environment 

25 in the region of application of the XOR- containing composition, 
thereby favouring the peroxynitrite pathway, whilst in others, 
such as in the treatment of ulcerative keratitis that may be 
unnecessary or even undesirable. 

From the above it will be appreciated that the active XOR 

30 may be regarded as a "natural antibiotic", that is, a substance 
of natural origin which is capable of destroying or inhibiting 
the growth of at least some strains of pathogenic micro- 
organism. 
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The substrate may itself constitute the impermeable layer. 
Preferably, the dressing comprises a substrate layer and an 
impermeable layer to which the substrate layer is attached. It 
will be appreciated, however, that the dressing of the 
5 invention will not necessarily include means for airtight 
sealing, it being possible for such sealing means to be 
provided separately, for example, in the form of an impermeable 
plastics film or a conventional airtight dressing. 
Advantageously, the substrate is an absorbent material. The 

10 substrate may be of any suitable material that is 

dermatologically acceptable. It will be appreciated that it 
will be desirable for the dressings to be sterile when applied 
to the body. Accordingly, the substrate should be one that 
will withstand any sterilisation method to which the dressing 

15 will be subjected, and the substrate material will thus be 

selected having regard to the sterilisation method to be used. 
Advantageously, the substrate comprises collagen or freeze- 
dried calcium alginate. The substrate may be collagen fibril 
matting . 

20 Advantageously, the xanthine oxidase is present in an 

amount of about 0 . 1/zg to lmg, preferably 10/ig to lmg, per g of 
the substrate . 

In the compositions or dressings according to the 
invention, the xanthine oxidase is advantageously in 

25 lyophilised form. It will be appreciated that the method of 
isolation of the XOR for use in accordance with the invention 
will need to be so selected that the activity of the XOR is 
wholly or at least substantially retained. In general, such 
methods should not include any step in which the temperature of 

30 the XOR exceeds 65°C. Advantageously, the electron donor system 
comprises at least one nitrogen-containing compound, which may 
be a heterocyclic compound. The nitrogen-containing compound 
may advantageously be selected from the group consisting of 
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purines, nicotinamides, and derivatives thereof. Examples of 
suitable electron donors are NADH and hypoxanthine . There may 
also be an electron acceptor system present, for example, the 
composition may include one or more compounds selected from 
5 organic or inorganic nitrates and nitrites, for example, 
glyceryl trinitrate or isosorbyl dinitrate . 

The invention also provides a method for the treatment of 
lesions, for example, decubitus, ischaemic leg ulcers, diabetic 
foot ulcers, genito-urinary ulcers and ulcerative keratitis and 

10 the like in a patient, which comprises administering to said 
patient a pharmaceutical composition comprising an effective 
amount of xanthine oxidase and a pharmaceutically acceptable 
electron donor system, wherein the method of administration 
comprises bringing the pharmaceutical composition into contact 

15 with the ulcers of said patient and effecting substantially 
airtight sealing of the ulcer and the composition in contact 
therewith from the ambient atmosphere. Advantageously, the 
composition is impregnated into a suitable packing substrate. 
The substrate may be selected from freeze-dried calcium 

20 alginate or collagen fibril matting. 

The dosage administered will be dependent upon the age, 
health and weight of the recipient, kind of concurrent 
treatment, if any, frequency of treatment and the nature of the 
effect desired. For example, dosage forms for topical 

25 administration include about 0 . 1/ig to Img, and advantageously 
10/ig to lmg, of xanthine oxidase per gram of carrier. The 
dosages in the treatment of lesions other than ulcers may be 
similar to those required for ulcers. The composition may be 
in the form of a cream, gel, solution (including an injectable 

3 0 solution) , ointment or any other suitable form, according to 
the nature and location of the lesion to be treated. The 
composition may advantageously be in the form of a gel that 
liquefies at body temperature. Such a gel may, for example, be 
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applied to an alginate substrate before application to the 
lesion to be treated, or may be incorporated into a dressing. 
The XOR may be present in those dosage forms in an amount of 
O.lfzg/ml to Img/ml and preferably 10/xg/ml to lmg/ml . The 
composition may contain other active ingredients, if desired. 
In the case of treatment of the cornea, it may be appropriate 
for the composition to be included in, for example, a lubricant 
solution administrable as eye drops. 

Before the impregnated material is applied to a patient, 
it is preferable to wash the sore with a suitable washing 
compound. In practice, the composition and dressing of this 
invention will normally be used only after removal of any 
necrotic tissue that is present. Proper removal of necrotic 
tissue will normally be done under the supervision of a 
physician and may include surgical debridement. 

The invention further provides a system for use in the 
treatment of lesions, having at least two components, a first 
component of the system comprising XOR and a second component 
of the system comprising an electron donor system, said first 
and second components being arranged for application to a 
surface of an animal or human body in combination or 
separately, simultaneously or sequentially. 

The compositions and dressings of this invention have many 
advantages because of their combination of ingredients and the 
minimal accompanying treatment of the patient that is required. 
It is believed that the properties of the packing that are 
beneficial are as follows: antiseptic action through the 
generation of superoxide, nitric oxide and peroxyni trite by the 
enzyme xanthine oxidase, tonal, topical stimulation giving rise 
to increased circulation at the base of ulcers leading to 
increasing granulation tissue and thus accelerated healing. 
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The invention will now be explained in more detail, with 
reference to the accompanying drawings, in which 

Fig. 1 is a graph illustrating the effect of peroxynitrite 
on cell viability under the conditions of Test 6(a); and 
5 Fig. 2 is a graph illustrating the dependence of 

XO-mediated killing of cells as determined in Test 6(b). 

Fig. 3 is a graph showing the effect of XO concentration 
on bacterial growth; 

Fig. 4 is a graph showing the dependence of cell growth 
10 inhibition on hypoxanthine concentration; 

Fig. 5 is a graph showing the effect of oxypurinol on 
XO/ hypoxanthine- related growth inhibition; and 

Fig. 6 is a graph showing the effect of hypoxanthine at 
various concentrations on growth inhibition. 
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Determination of nitric oxide production 

The production of nitric oxide in the following tests and 
examples was analysed using an ozone chemiluminescence assay in 
a continuous flow apparatus (Sievers NOA 2 80) that allows the 
real time analysis of NO production. The apparatus was 
modified to allow a constant stream of nitrogen to flow into 
the reaction chamber. Chemiluminescence data were collected by 
a data acquisition system; the mean NO produced in parts per 
billion (ppb) was calculated from readings taken every second 
25 and shown as NO ppb/s. Progress curves, of molar production of 
NO against time, were calculated by taking into account the gas 
flow and successively integrating the ppb/s curves. Reactions 
were carried out in a final volume of 1 ml at 3 7°C in an 
atmosphere of < 1% oxygen (Stathkelvin combination needle 
oxygen electrode, Diamond General Corp.). 
The method used was as follows: 

(a) Two clean 7ml bijous were obtained, one for each of 
the "substrates" and the "milk". 
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To the "substrates" bijou, 200ul of lOOmM stock sodium nitrite 
was added together with 2 00ul of the 5mM reduced NADH to give 
an assay concentration of 20mM nitrite and ImM reduced NADH. 
To the "milk" bijou were added 600ul of milk sample to give an 
5 assay volume of 1ml . 

(b) Using a flow rate of 200ml/min, the bijou mixture and 
a corresponding injection needle was degassed with nitrogen gas 
(N 2 ) for about 10 seconds and the bijou was capped. 

(c) The reaction cell comprised a 7ml screw-cap bijou 
10 having three needle holes in its cap. A continuous flow of 

warmed N 2 (200ml/min flow rate) was injected into the bijou 
through one of the needle holes in the cap to give the required 
hypoxic conditions. The reaction cell was held at a 
temperature of 3 7°C in a water bath mounted on a magnetic 
15 stirrer. A magnetic flea was placed in the reaction cell to 
mix the samples once injected. 

(d) Samples of NO were taken from the reaction cell by a 
needle that was connected to a Sievers Nitric Oxide Analyser 
(NOA-280) and the results were recorded for analysis using a 

2 0 computer. 

(e) At time (t) 0 minutes, the NOA-280 started the 
measurement of NO from the reaction cell. At t=l minute, the 
contents of the "substrates" bijou were injected into the 
reaction cell using a 1ml syringe and the background NO was 

25 measured. 

(f) At t=5 minutes, the contents of the "milk" bijou were 
injected into the reaction cell using a 1ml syringe and the 
release of NO was monitored for a further 20 minutes. The set 
up was such that the reaction cell was a sealed system having 

30 an inlet gas flow of 200ml/min and a sample extraction flow to 
the NOA-280 of 2 00ml/min. The steady- state generation of NO 
(which corresponded to a plateau region on the trace of the NO 
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production) was noted to give the mV/s release of NO from the 
lml assay volume. 

The samples were diluted with PBS where necessary to give 
an assay of 1ml for the test of NO generation. In Tests 1 to 
5, the enzyme -coating mixture and substrates mixture were 
combined before introduction into the reaction cell, but the 
measurement method was otherwise as described above. 

Reagents used 

The reagents used in the tests and examples described 
below were as follows: 

1 . Bovine xanthine oxidase (XOR) - Biozyme, Blaenavon, UK. 
This source of enzyme had a concentration of 10.7mg/ml and 
was batch 104AX 

2. Sodium nitrite (NaN0 2 ) - Sigma Chemicals (Sigma-Aldrich 
Company Ltd.), Poole, UK. This was dissolved in IX 
Phosphate Buffered Saline (PBS), pH 7 . 3 , to the required 
concent rat ion . 

3. p-Nicotinamide Adenine Dinucleotide , reduced form, (P -NADH) - 
S igma Chemi c a 1 s . 

4. Phosphate Buffered Saline (PBS) - Oxoid Ltd., Basingstoke, 
UK. Tablets were added in the proportion of 1 per 100ml of 
distilled water and mixed until thoroughly dissolved to give 
IX PBS , pH7 . 3 . 

5. Oxypurinol - Sigma Chemicals. A stock ImM solution was made 
up by adding 0.0015g to 0.25ml of 1M NaOH. This was mixed 
until the oxypurinol dissolved. Then 9.7 5ml of IX PBS was 
added and the pH altered until pH7 . 3 was reached using drops 
of 1M HI. 

6 . Diphenyliodonium (DPI) - ICN Biomedical. A stock ImM 
solution was made up by adding 0.0032g to 10ml IX PBS , 
pH7 . 3 . 
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7. Human Breast Milk (source of active XOR) . Samples obtained 
from subjects in the local area 

Test 1 

5 The release of nitric oxide (NO) from a composition 

including pure bovine xanthine oxidase under hypoxic conditions 
was studied. The samples studied comprised reduced P~ 
Nicotinamide adenine dinucleotide (NADH) and nitrite (N0 2 ~) and 
pure bovine xanthine oxidase . 

10 Bovine xanthine oxidase was diluted with PBS as indicated 

in Table 1 below to give 300|il of enzyme mixture. The enzyme 
mixture (300(il) was mixed with 700|il of a substrate mixture to 
give an assay volume of 1 ml . The substrate mixture comprised 
nitrite which was added to the assay to give a concentration of 

15 ImM and NADH which was added to give a concentration of 0.3mM. 
Where, for example in Tests 2 to 4 below, additional components 
are added to the sample, the amount of PBS is adjusted 
accordingly to give an assay volume of 1 ml . The total XOR 
protein in the assay is shown in Table 1 . The sample was 

20 placed in the reaction vessel of the NO determination apparatus 
under a nitrogen atmosphere and the generation of NO was 
measured and the results calculated as a steady state rate in 
mV/s. The rate of NO release for the different concentrations 
of XOR is also shpwn in Table 1. 
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Table 1 



Volume XOR 
enzyme (|il) 


Volume PBS 


XOR protein 
in assay (ng) 


NO release 
(mV/s) 


0 


300 


0 . 0 


15. 10 


2 


298 


21.4 


50 . 05 


5 


295 


53 .5 


76.35 


10 


290 


107.0 


128.55 


15 


285 


160 - 5 


187 .20 


20 


280 


214 . 0 


225 . 75 



Where the pure XOR is used in the samples, NADH was 
5 required as a substrate for the reduction of the nitrite to 
proceed. 

Test 2 

Using the method described above in respect of Test 1, the 
10 effect of the variation in the concentration of NADH on the 

production of NO was investigated. 4mM NADH was diluted with 
PBS to give the relevant concentration. The results are shown 
in Table 2 . 
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Table 2 



XOR protein in 
assay (ucr) 


NADH concentration 
in assay (iriM) 


NO release (mV/s) 


53.5 


o on 


u . uu 


53 5 






53 5 




a a on 

DO. bU 


53 . 5 






53 . 5 


1.00 


103 R 


53 . 5 


2 . 00 


109.20 


107 . 0 


0 . 00 


0 . 00 


107 . 0 


0 . 10 


74 .45 


107. 0 


0 .25 


142 . 70 


107 . 0 


0 . 50 


192.65 


107 . 0 


1 . 00 


230 . 05 


107. 0 


2 . 00 


264 . 65 



Test 3 

5 Using the method described above in respect of Test 1, the 

effect of the variation in the concentration of nitrite on the 
production of NO was investigated. As for Test 1, the 
concentration of NADH was 0.3 mM. 1M nitrite (or lOOmM 
nitrite, where appropriate for low concentrations) was diluted 
10 with PBS to give the relevant concentration. The results are 
shown in Table 3 . 
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Table 3 



XOR protein in 
assay (\ig) 


Nitrite 
concentration in 
assay (mM) 


NO release (mV/s) 


21.4 


0 


0.00 


21.4 


1 


53.75 


21.4 


5 


184 .8 


21.4 


10 


378 . 10 


21 .4 


25 


407.55 


21.4 


50 


474 . 05 



Test 4 

5 

The method of Test 1 was repeated with known inhibitors of XOR 
included in the assay to show that the NO generation was being 
catalysed by XOR. Two different inhibitors were used. 
Oxypurinol was used at a concentration of 100 )uM. Oxypurinol 
10 is a molybdenum site-specific inhibitor. Diphenyliodonium 

(DPI) was used at a concentration of 100 jj.M. DPI is a FAD site 
inhibitor. The results are shown in Table 4. 

Table 4 

15 



Inhibitor 


NO release (mV/s) 


100 \xM Oxypurinol 


0.00 


100 DPI 


0.00 



There was no release of NO in the presence of the XOR 
inhibitors . 
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Test 5 

Human breast milk was assayed with 20mM nitrite and ImM NADH 
using the method as described above. The human breast milk was 
5 collected on several days post partum and frozen at -20°C. 
600p.l of milk was used in each test. 

The generation of NO was investigated using the method 
described above. The results are given below in Table 5. This 
test demonstrates NO release under hypoxic conditions using a 
10 known source of active xanthine oxidoreductase . 

Table 5 



Days post partum 


protein content 
(^ig/ml) 


NO release (mV/s) 


! 7 


411 .26 


40.45 


30 


683 .05 


60 . 75 


36 


561.49 


42 .48 


66 


305.52 


27 .80 


158 


110.84 


29.80 



15 Test 6 

To obtain cells used in this test, the infective bacterial 
strain Escherichia coli NCTC 86 (E.coli) was cultured on 
nutrient agar at 37° until colony formation occurred, usually 

20 overnight. This stock culture was used for subsequent 

experiments including sub-culturing in nutrient broth and 
plated onto agar weekly. Experimental cultures of E.coli were 
set up overnight in nutrient broth from single colonies on an 
agar plate. Cells were harvested and counted using a standard 

25 curve of known absorbance at 470nm against viable cell count. 
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Peroxynitrite was generated by the method of Crow et al 
BIOCHEM . 34 pages 3544 to 3552 (1995) . In accordance with that 
method, a mixture of sodium nitrite and hydrogen peroxide was 
5 reacted under acid conditions then immediately quenched by the 
addition of sodium hydroxide. The concentration of ONOO" 
formed was measured using an absorption coefficient of 1670 M" 1 
cm" 1 in a spectrophotometer at a wavelength of 303nm. 
Solutions of different concentrations for use in (a) below were 
10 obtained by dilution of the product solution using PBS. 

6(a) Peroxynitrite effect on cell viability 

Cells cultured as described above were diluted to suitable 
working concentrations (10 4 - 10 s Cells Ml" 1 ) in sterile 
15 phosphate buffered saline (PBS) . ONOO" at a range of 

concentrations from 100/xM to 0.01 M M was added as a bolus dose 
to cells and incubated at room temperature for ten minutes. 
Aliquots were taken from the cell cultures and plated on to 
nutrient agar and incubated in a warm room at 37°C overnight. 
20 Viable cells formed colonies on the agar and were counted. The 
number of colonies formed was related to an untreated control 
and a graph of the results is shown in Figure 1, which 
illustrates the effect of ONOO' on cell viability. The 
decrease in viable count with increasing concentration of ONOO" 
25 in Fig. 1 is indicative of a profound inhibitory effect. 

Peroxynitrite has also been shown to reduce viability in 
S. enteritidis under similar conditions to those indicated 
above. ICso values of peroxynitrite in respect of E. coli and 
30 S. enteritidis (that is, the concentration that reduces 

viability to 50% of control viable count of the respective cell 
type) of 1.402 and 2.026 M M were determined under the conditions 
used. 
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Peroxynitrite-mediated killing has also been indicated in the 
case of Gram positive bacteria, in a test in which incubation 
of Straphylococcu aureus with SIN-1 (3 -morpholinosydnonimine , 
which releases both superoxide and NO simultanteously on 
5 hydration) showed reduced growth in dependence on the amount of 
added SIN-1. 

6 (b) Effect of xanthine oxidase derived species on cell 
viability 

10 E.coli were cultured as described above. Aliquots were taken 
and incubated with a reaction system consisting of bovine 
Xanthine oxidase (XO) (53.2 /igml" 1 ) , nicotinamide adenine 
dinucleotide in reduced form (NADH) (3 00/zM) , sodium nitrite, 
(NaN0 2 ) ImM and oxygen at a range of concentrations. Desired 

15 oxygen concentrations were generated by delivery of a mixture 
of oxygen and nitrogen in appropriate proportions and 
determined using a Clark type 0 2 electrode. This reaction was 
followed at 37°C for 30 min with mixing before an aliquot was 
taken and plated onto agar and incubated in a warm room at 

20 37 °C. Viable cells formed colonies on the agar and were 

counted. Viable cell counts were performed in triplicate and 
the results expressed as a percentage viable count in each case 
related to a non enzyme control of the same oxygen 
concentration. The results are shown in Fig. 2, which suggest 

25 that XO-mediated killing of cells is occurring. The most 

effective killing (indicated by the lowest viable cell count) 
is at an oxygen concentration of approximately 3% of 
saturation. The range of oxygen tensions used covers those in 
which XO has previously been considered to be active, namely 

30 superoxide generation (21% 0 2 saturation) and nitric oxide 

production (0% 0 2 saturation) . A certain amount of killing is 
seen at both of these extremes as compared with control 
samples. However, it is only at an intermediate oxygen 
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concentration that the greatest amount of Killing is observed. 
This suggests a role £ or peroxynitrite mediated tilling whrch 
has been generated in this system by the enzyme xanthrne 
oxidase . 

corresponding data obtained in respect =£ 8. enteritidis 
indicated a peat killing oxygen concentration of 0% for that 
cell type. For both E . coli and S. enteritidis the vrability 
increases with oxygen concentration with little or 
above about 8% oxygen, although some limited Killing (about s. 
and about 10% for the respective cell types, is again observed 
at higher oxygen concentrations of about 21%. 

Replacement of NADH in the above method by 100„M hypoxanthine. 
wich a sodium nitrite concentration of 2.5„M led to slightly 
higher peaK Killing oxygen concentrations (6.4% for E. coll 
1 5% for S. enteritidis) . More limited Killing was also 
observed using xanthine instead of hypoxanthine. The 
XO/hypoxanthine combination was also found to reduce the growth 
rate of Lactobacillus in a dose dependent manner for both 
h ypoxanthine and XO. Addition to the XO/hypoxanthine system of 
superoxide dismutase at oxygen concentrations in the range of 
from 0 to 2% was found to increase the amount of measurable NO 
,as a result of removal of superoxide by superoxide dismutase) . 
s providing a further indication of the hypothesis that 

peroxynitrite formation from NO and superoxide occurs rn the 
XO/hypoxanthine system. 

«.) Effect of peroxynitrite scavenger on bacterial growth 

£ coli were seeded into nutrient broth at 2.10' cell ml' and 
incubated at 37-0 under atmospheric air conditions (that «. 
21% oxygen saturation, . Four separate test samples of volume 
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1 ml were prepared by addition at 1 hour of incubation as 
follows : 

1 Peroxynitrite at concentration 100/zM. 

2 Peroxynitrite at 100/iM and quercetin (peroxynitrite 
5 scavenger) at IOOjzM. 

3 Xanthine oxidase (53.2/zg) and xanthine at 100/iM. 

4 Xanthine oxidase (53.2/xg) and NADH at 100/xM. 

Corresponding controls were also prepared, and the growth 
10 curves generated over time determined by monitoring absorbance . 
Sample (1) showed strong killing, but the presence of quercetin 
(sample (2)) had a clear effect in reducing killing, pointing 
towards peroxynitrite mediation of killing. XO/NADH (sample 
(4))" and XO/xanthine (sample (3)) showed limited, but 
15 significant, growth retardation effects. 

The result of part (a) of this test appears to confirm the 
bactericidal potency of the peroxynitrite species. Part (b) 
above supports the hypothesis that, under appropriate 

20 conditions, XOR can catalyse production both of superoxide and 
of NO, interaction of those two products giving rise to 
peroxynitrite, and possibly other interaction products that may 
have similar bactericidal activity to peroxynitrite. The 
oxygen concentration of less than 8% at which maximum killing 

25 was observed is believed to be similar to that obtaining in 
ulcers . 

6(d) Effect of XO and hypoxanthine incubation on bacterial 
growth rate. 

3 0 Bacteria were seeded into nutrient broth (NB) and grown over 
night at 3 7°C. The culture was then counted and normalised to 
give a final cell concentration of 1.8xl0 7 cells well" 1 into the 
wells of a 96 well plate in fresh nutrient broth. The optical 
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density of each well was monitored every 15 minutes as a 
!lasure of the growth race of each bacteria! species Growth 
ourves were generated for each species and the rate o 

growth Uogarithmic phase, was measured. Cells were treat d t 
! r an 9 e o£ experimental conditions in which the growth rate of 
e is was related to a control of untreated cells. The results 

„ere expressed as a percentage of the growth rate of the 

control cells . 

„, M a fixed concentration of hypoxanthine (1.0,0.) a range 
of purified XO protein concentrations were added at time 
0 minutes. The optical density was followed and the 
growth rate calculated. The effect of enzyme 
concentration is shown in Fig. 3 for Staphylococcus 
aureus 6751 and Lactobacillus case! 6375. 
Th e growth rate of both Staphylococcus and Lactobacilli 
was reduced compared to the control. Lactobacillus 
growth rate was reduced with a half maximal 

,.„„„,„ Itha c is, the concentration at which 
concentration of XO lenaL , 

the cell growth was 50% of control) being about 14*,. A 
iess marked growth inhibition was observed for 

Staphylococcus. 

The growth rate was also measured in relatron to the 

concentration of hypoxanthine. using 30ug of XO with 
cells seeded as described above. Fig. 4 shows the effect 
of hypoxanthine concentration on bacterial growth. 
Hypoxanthine in the presence of XO reduced 
rite of both bacterial species with greatest effect on 
th. Lactobacillus. The half maximal hypoxanthine dose 

30ug XO was 103. 5uM. 

v, , ha t the effect of XO and Hypoxanthine addition 
irs (iii) To show that tne ei-j-^wu 

was due to the enzymically derived products, oxypunnol 
at a range of concentrations was added to the cells in 
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the presence of 3 0|ig XO and 2 00j^M hypoxanthine . Fig. 5 
shows its effect on the growth rate of Lactobacillus. 
Oxypurinol had no effect on growth rate when added at 
the highest concentration when added alone. However the 
effect of oxypurinol was to reduce the effect of 
XO/hypoxanthine growth inhibition in a dose dependent 
manner . 

(iv) The effect of XO hypoxanthine addition was measured on 
the growth rate of a range of bacterial species with 
3 0|ag XO at varying hypoxanthine concentrations using 
cells seeded as described above. The results of this 
study are shown in Fig. 6. 

6(e) Effect of H 2 0 2 and peroxynitrite on the growth rate of 
bacteria 

To determine the effect of possible enzymically generated 
radical species cells were grown in the presence of hydrogen 
peroxide or peroxynitrite. Cells of various species were grown 
as previously described and a bolus addition of either H 2 0 2 or 
peroxynitrite was added at the beginning of logarithmic growth, 
previous experiments having showed this treatment as the most 
effective . 

The cell growth was determined and plotted against the 
concentration of H 2 0 2 or peroxynitrite, as appropriate, and the 
half maximal concentration of H 2 0 2 or peroxynitrite was 
determined. The results are summarised in Table 6, in which 
corresponding half maximal concentrations for the 
XO/hypoxanthine system are also given. 
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Table 6 





Half maximal concentre 


it ion 


Species 
Bacillus sp 


XO/Hxan (|iM 
Hypoxanthine ) 

39.8 


H 2 0 2 (jiM) 
77.6 


ONOO - (HM) 


Micrococcus sp 
Lactobacillus 
casei 


25. 1 
103 . 5 


19.5 
304 . 8 


55 


Staphylococcus 
aureus 






290 
1.4 


E. coli 
Salmonella 
enteritidis 






2.0 



As shown in Table 6, the half maximal concentrations for 
5 peroxynitrite in respect of Lactobacillus casei is much lower 
than for H 2 0 2 . In respect of S. aureus, the growth inhibition in 
the presence of H 2 0 2 was very limited, with 50% growth reduction 
not being observed at the concentration ranges used. 
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Toxicity test 

The toxicity of XOR was investigated by the Standard Patch 
Test, in which 0.1 ml aliquots of solutions of XO in PBS at 
concentrations of. up to Img/ml were applied to Finn Chamber 
filter paper. The loaded patches were applied to a portion of 
skin on the backs of fifteen human subjects predisposed to 
contact dermatitis. The patches were removed and examined 48 
hours after application. The patches were then re-applied and 
removed and re-examined at 96 hours. No allergic, inflammatory 
or in any way adverse reaction was observed in any of the 
subjects tested. 
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CLAIMS 

1. A composition for use in the treatment of lesions of the 
human or animal body, the composition comprising XOR and a 
pharmaceutical^ acceptable electron donor system. 
5 2. A composition according to claim 1, the composition 

comprising one or more pharmaceut ically acceptable excipients 
or carriers. 

3. A composition according to claim 1 or claim 2, which is 
suitable for topical administration. 
10 4. A composition according to claim 3, which is suitable for 
topical application to the skin. 

5. A composition according to claim 3 or claim 4, which is 
suitable for topical application to the cornea. 

6. - A composition according to any one of claims 1 to 5, for 
15 use in a prophylactic method for the prevention of ulcers. 

7. A composition according to any one of claims 1 to 6, for 
use in the treatment of ulcers . 

8. A composition according to any one of claims 1 to 5 , for 
use in the treatment of neoplastically transformed lesions. 

20 9. A composition according to claim 8, for use in a 

prophylactic method for the prevention of, or in a method of 
treatment of, cervical cancer. 

10. A composition according to any one of claims 1 to 4 , for 
use in the treatment of virally infected lesions or warts. 
25 11. A composition according to any one of claims 1 to 3 , for 
use in the treatment of lesions of the mucous membrane. 

12. A dressing for application to a part of a human or animal 
body, comprising a substrate and a pharmaceutical composition 
retained on a surface of or within the substrate, the 

30 pharmaceutical composition comprising XOR. 

13. A dressing according to claim 12, which further comprises 
an electron donor system. 

14. A dressing according to claim 12, which comprises a layer 
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of impermeable material which, when in use the dressing is 
applied to the part of the human or animal body, substantially 
prevents the passage of atmospheric air through the dressing to 
the said part . 

15 . A dressing according to claim 14, in which the substrate 
constitutes the impermeable layer. 

16. A dressing according to claim 14, which comprises a 
substrate layer and an impermeable layer to which the substrate 
layer is attached. 

17 . A dressing according to any one of claims 12 to 16, in 
which the substrate is an absorbent material. 

18. A dressing according to any one of claims 12 to 16, in 
which the substrate comprises collagen. 

19 . -a dressing according to any one of claims 12 to 16, in 
which the substrate comprises alginate. 

20. A dressing according to any one of claims 12 to 19, in 
which the xanthine oxidase is present in an amount of about 
0.1/xg to lmg per g of the substrate. 

21. A composition or a dressing according to any one of claims 
1 to 20, in which the xanthine oxidase is in lyophilised form. 

22. A composition or a dressing according to any one of claims 
1 to 21, which includes an electron donor system comprising at 
least one nitrogen- containing compound. 

23. A composition according to claim 22, wherein the nitrogen- 
containing compound is a heterocyclic compound. 

24. A composition according to claim 23, in which the 
nitrogen-containing compound is selected from the group 
consisting of purines, nicotinamides, and derivatives thereof. 

25. A pharmaceutical composition or a dressing comprising 
xanthine oxidase, substantially as described herein. 

26. A method for the treatment of decubitus, ischaemic leg 
ulcers diabetic foot ulcers, geni to -urinary ulcers and 
ulcerative keratitis and the like in a patient, which comprises 
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administering to said patient a pharmaceutical composition 
comprising an effective amount of xanthine oxidase and a 
pharmaceutically acceptable electron donor system, wherein the 
method of administration comprises bringing the pharmaceutical 
5 composition into contact with the ulcers of said patient and 
effecting substantially airtight sealing of the ulcer and the 
composition in contact therewith from the ambient atmosphere. 
27. A method according to claim 26, in which the composition 
is impregnated into a suitable packing substrate. 
10 28. A method according to claim 27, in which the substrate is 
selected from alginate or collagen fibril matting. 

29. A system for use in the treatment of lesions, having at 
least two components, a first component of the system 
comprising XOR and a second component of the system comprising 

15 an electron donor system, said first and second components 
being arranged for application to a surface of an animal or 
human body in combination or separately, simultaneously or 
sequentially. 

30. XOR for use in a curative or prophylactic method of 
2 0 treatment of the animal or human body. 

31. XOR for use in the treatment of lesions. 

32. A pharmaceutically acceptable composition comprising XOR 
for use in the treatment of lesions. 

33. The use of XOR in the manufacture of a medicament for use 
25 in a curative or propylactic method for the treatment of 

lesions . 
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